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In t roduct ion  -_-_-_- 
Heat capac i ty  da t a  f o r  a char  can be used t o  z a l c u l a t e  t h e  

v a r i a t i o n  of the thermodynamic p rope r t i e s ,  H, S, G, e t c .  w i t h  
temperature. Fac tors  which a f f e c t  t h e  hea t  capac i ty  are:  

o the rank and inorganic  mat te r  conten t  of t h e  parent  coal ;  
o the gaseous atmosphere p re sen t  during pyrolysis ;  
o the  thermal h i s t o r y  o f  t h e  char.  

Thermal h i s t o r y  f o r  a char  is  determined by: 

o the  py ro lys i s  temperature;  
o the r a t e  a t  which the  c o a l  temperature i s  r a i sed  from 

o the  res idence  t i m e  of t h e  char  a t  t he  py ro lys i s  
t he  ambient t o  t h e  py ro lys i s  temperature; 

temperature. 

The thermodynamic l i t e r a t u r e  (1-5) f o r  chars  u sua l ly  covers 
only l imi t ed  temperature ranges and the thermal h i s t o r i e s  and 
cornpositions of the char  samples a r e  i l l -de f ined  o r  unavailable.  
m e  a d d i t i v i t y  approach (6 .7)  i s  usua l ly  employed t o  c o r r e l a t e  
t h e  h e a t  c a p a c i t i e s  i n  terms of cha r  cons t i t uen t s ;  organic mat ter ,  
ash and moisture. 

I 

I n  t he  t h e s i s  work of waag (8) the e f f e c t  and r e l a t i v e  impor- 
tance of t h e  f a c t o r s  l i s t e d  was assessed  using a se l ec t ed  s e t  of I 

chars.  Experimental da t a  w a s  co l l ec t ed  between 80°K and 303OK. 
I t  w3.s found t h a t  t he  3 e a t  c a p a c i t i e s  could be c o r r e l a t e d  with 
compositions and pyro lys i s  temperatures using a modified form of 
t h e  Debye mod21 f o r  h e a t  c a p a c i t i e s  ( 9 ) .  The c o r r e l a t i o n  i s  i n  
t h e  form of an express ion  f o r  a n  e f f e c t i v e  Debye temperature, €I (Tr) :  

I 
I 

B ( T r )  = e 0 ( T r )  e x p [ I ( T r ) / x ( l - x ) ]  1) I 

where T r  i s  a reduced temperature defined as:  
T r  = T ( K )  /Tpyro lys is  (K) 

1-x = t h e  atomic f r a c t i o n  of carbon i n  the  ash 
f r e e  dry char.  
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e 0 ( T r )  = a Dsbye temperature a t  T r  f o r  a hypo the t i ca l  cha r  

I ( T r )  = an i n t e r a c t i o n  parameter between t h e  carbon atoms 

containing carbon a t o m  only. 

and the "other"  a t o m  i n  the  char.  

0 and I were found by empir ical  f i t t i n g  of the da t a  f o r  each 
fzmily of chars .  
from the same coa l  with one hour res idence t i m e .  

A char  family c o n s i s t s  of a l l  t he  cha r s  prepared 

Our present  ob jec t ive  is  to: 

0 T e s t  the  l i m i t s  of a p p l i c a b i l i t y  of Equation 1 a s  an 
ex t r apo la t ing  funct ion t o  c a l c u l a t e  hea t  c a p a c i t i e s  
of chars:  

o To r e f i n e  the c o r r e l a t i o n  model: 
0 To f a c t o r  i n t o  the c o r r e l a t i n g  the  e f f e c t  of residence 

time a t  py ro lys i s  temperature. 

- ExIerimental Technique 

Tie s u i t e  of samples from Wang's work was used f o r  h e a t  capa- 
The da ta  w e r e  obtained c i t y  measurements between 3OO0K and 9OOoK. 

using the d i f f e r e n t i a l  scanning calor imetry (DSC) technique. 
Instrumentation consis ted of a Dupont model910 scanning ca lo r ime te r  
and a Dipont mods1 1090 thermal analyzer  system. Sanple h e a t  capa- 
c i t i es  w e r e  c a l cu la t ed  using t h e  measured hea t  capac i ty  of Sapphire 
a s  a standard f o r  coxparison. 

\ 

R e  su 1 t s -- 
Typical experimental  information obtained i s  i l l u s t r a t e d  i n  

t h e  following f igures .  

E f fec t  of  Pyrolysis  Temperature_ -_- 
I n  Figure 1 w e  show DSC scans f o r  two cha r s  prepared f r o s  

demineralized Virginia  Coal (PSOC-265). The r e s u l t s  show t h a t  t h e  
h e a t  capac i ty  of t he  chars  increase with temperature between 300K 
and 900K. 
capaci ty  a t  any given temperature (over the range) than the 700°C 
char.  For q u a n t i t a t i v e  comparison t h e  h e a t  c a p a c i t i e s  need t o  be 
normalized. The normalizing procedure is  a r b i t r a r y .  w e  have 
e l e c t e d  to normalize a l l  our d a t a  t o  the  number of  atorns i n  the  
ash f r e e  char.  

Also the char  prepared a t  llOO°C has a higher  h e a t  

E f f e c t  of Residence T i m e  -_--- ---- -- 
I n  Figure 2 w e  show DSC scans f o r  cha r s  prepared from 

demineralized Virginia  c o a l  a t  l l O O ° C  py ro lys i s  temperature. 
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The cha r s  d i f f e r  i n  t h e i r  thermal h i s t o r y  by the length of t h e i r  
res idence time a t  py ro lys i s  temperature. The normalized h e a t  
c a p a c i t i e s  a t  a given temperature vary i n  magnitude with the 
residence time. 

A minimum i n  h e a t  capac i ty  i s  seen t o  occur i f  the da t a  i s  
r ep lo t t ed  a s  h e a t  capac i ty  versus  residence t i m e .  Froin t h e  present 
data t h e  minimum i s  aroJnd two hours res idence t i m e .  O u r  i n t e r -  
p r e t a t i o n  of t h i s  phenomenon is  t h a t  two sepa ra t e  events  a re  being 
observed. One i s  the  e q u i l i b r a t i o n  of the  chemical composition a t  
l l O O ° C  Sy breakage of C-H bonds. 
bonds i n  t h e  char  t h e  s n a l l e r  i s  i ts  h e a t  capaci ty .  Tne second 
i s  t h e  approach of  the cha r  t o  s t r u c t u r a l  equi l ibr ium by s o l i d  
s t a t e  d i f fus ion .  Tne c h a r  i s  g raph i t i z ing  with an apparent 
increase i n  hea t  capac i ty .  

The smaller  t h e  number of sach 

Ef fec t  of Retained Inorganic Matter 

I n  Figure 3 t h e  DSC scans of  chars  prepared a t  7OO0C with 
one hour res idence t i m e  are compared. Both of t hese  cha r s  were 
prepared from Vi rg in i a  coa l .  However, i n  one case the  c o a l  was 
demineralized using the a c i d  wash procedure p r i o r  t o  pyrolysis .  
On a p e r  gram sample b a s i s  the h e a t  capac i ty  of t h e  mineral  
mat ter  c sn ta in ing  c h a r  i s  about 40 t o  80% higher  than the  demin- 
e r a l i z e d  char.  The inorganic  mat ter  h e a t  capac i ty  i s  add i t ive  t o  
the  organic mat ter  h e a t  capaci ty .  

Conclusions -- 
A t  t h e  t i m e  of p repa ra t ion  of t h i s  prel iminary paper 

(December 1982) the c a l c u l a t i o n  f o r  t e s t i n g  and r e f i n i n g  t h e  
c o r r e l a t i o n  model have not been conpleted.  W e  expect t o  be ab le  
t o  present  them a t  t h e  meeting. 
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Figure 1. DSC Scans on Virginia Chars. (One hr.  residence 
time - demineralized). 
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Figure 2. DSC Scans on Virginia chars. (llOOoc Demineralized) 

Deminarlized 

Figure 3. DSC Scans on Virginia chars. (70Ooc - One hour 
residence time) 

244 


